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1. Abstract
Quantitative photographs of benthic communities at two northern Miami Terrace
sites, originally investigated as part of an environmental impact survey in advance of the
proposed Calypso pipeline, and two Pourtalès Terrace sites, investigated as part of an
exploration of deep-sea coral and sponge ecosystems (DSCEs) within the Pourtalès
Terrace Deep-water Coral Habitat Area of Particular Concern (CHAPC), were reanalyzed
and compared for similarities and differences. Both terraces are part of an elongated
lithified platform that parallels the southeastern Florida coast at depths averaging
between 250 and 450 m. Although both sites have similar geological origins and lie
under the Florida Current, previous work has suggested that the two terraces support
different benthic faunas.
Images from 28 phototransects from the two terraces were condensed into two
depth bins of 250-300 m and 450-550 m. Distributions of taxa compared among
individual sites were depth driven, whereas distributions of taxa between the northern
Miami Terrace and Pourtalès Terrace appeared to be driven by geological features, as
sites at similar depths had different communities and densities, with the only
distinguishing variables being location and geologic features. Results indicate that
location is the driving factor contributing to differences in deep-water benthic
communities between the two terraces. Depth bin 450-550 m was dominated on the
Miami Terrace by hard substrates supporting octocorals (Pseudodrifa nigra, Primnoidae,
Keratoisis sp., and Anthomastus sp.), anemones, and sponges (mainly Phakellia sp.) and
on the Pourtalès Terrace by hard substrates and coral rubble supporting Paramuricea
unid sp. 3, Comatonia cristata, Plumarella sp. 2, and Astrophorina unid. sp. 4. Depth bin
250-300 m on the northern Miami Terrace was dominated by sediment substrates and
supported anemones, soft corals and zoanthids, and on the Pourtalès by sedimentveneered hard bottom with Stylaster miniatus, Plumarella unid sp., Hydroida unid sp.,
and Isididae unid sp. 2.
The relationships between depth, location and geomorphology may be useful in
designing future benthic mapping projects. In addition, species densities and protection
statuses can aid future community assessments between protected habitats and nonprotected habitats to measure the effectiveness and management strategies of deep-water
marine protected areas. The relationships revealed by this study can be used to support
the management of the Miami Terrace, Pourtalès Terrace, and other sites to conserve
deep-water coral environments.

Keywords: Miami Terrace, Pourtalès Terrace, habitat characterization, Coral Habitat
Areas of Particular Concern.
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2. Introduction
Peninsular Florida is a part of an enormous carbonate platform that includes the
Bahama and Yucatán Platforms (e.g., Hine 2009). The southeastern and southern margins
of the peninsula are characterized by an elongated lithified platform that parallels the
coastline at depths generally between 250 m and 450 m and runs from about 26º21’N
latitude, off Boca Raton, to 82º19’W longitude, southeast of the Marquesas Keys (e.g.,
Malloy & Hurley 1970). Because this feature is buried by prograding sediments chiefly
along Key Largo (e.g., Kofoed & Malloy 1965; Malloy & Hurley 1970), the two exposed
portions have been treated separately as the Miami Terrace along southeastern Florida
(Kofoed & Malloy 1965), and the Pourtalès Terrace south of the Florida Keys (Jordan et
al. 1964). However, despite their similar underlying geology and similar exposure to the
overlying Florida Current component of the Gulf Stream system (e.g., Düing 1973 1975;
Leaman et al., 1987; Lee et al. 1985, 1992, 1994; Lee & Mooers 1977; Fratantoni et al.
1998; Lee and Williams 1999), previous work has suggested that the two terraces support
substantially different benthic faunas (e.g., Meyer et al. 1978; Cairns 1979 1986; Soto
1985). Recent remotely operated vehicle (ROV) work on both terraces (e.g., Reed et al.
2005, 2006; Messing et al. 2006a b, 2008) permits a detailed comparison of their
respective faunas and habitats for the first time.
3. Statement of Purpose
This study compares benthic faunas and habitats in two areas: two northern
Miami Terrace sites, which were investigated as part of an environmental impact survey
in advance of a proposed (but never constructed) pipeline that was planned to bring regasified liquefied natural gas (LNG) to the U.S. pipeline grid (Intelligence Press 2002;
Dodge et al. 2006), and two Pourtalès Terrace sites investigated as part of an exploration
of deep-sea coral and sponge ecosystems (DSCEs) within the Pourtalès Terrace Deepwater Coral Habitat Area of Particular Concern (CHAPC) and the ‘East Hump’ Marine
Protected Area (MPA) (Messing 2006a b; Reed et al. 2012; Ash 2015). Such
comparisons of deep-water topography, biogeography, and species assemblages will
contribute to assessing the importance and effectiveness of CHAPCs and MPAs.
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4. Background
A. Miami Terrace
1. Geology
The Miami Terrace is an elongated, 65-km long, portion of a drowned carbonate
platform that parallels the southeastern Florida coast from northern Key Largo to
Broward County, covers ~740 km2, and is widest off Miami (Malloy & Hurley 1970).
Since Siegler (1959) first recorded it as “an old coral reef”, its geology has been
extensively investigated (Hurley et al. 1962; Kofoed & Malloy 1965; Rona & Clay 1966;
Malloy & Hurley 1970; Neumann & Ball 1970; Ballard & Uchupi 1971; Mullins &
Neumann 1979; Reed et al. 2006; Brooke et al. 2006). Kofoed and Malloy (1965)
recognized the karstic nature of the Terrace and provided the first of an increasingly
detailed series of bathymetric maps based on depth soundings (Malloy & Hurley 1970;
Ballard & Uchupi 1971) (Figure 1). Rona and Clay (1966) first illustrated the Terrace as
a ridge (first mentioned by Hurley et al. (1962)) separating a gently sloping upper terrace
in ~300-400 m from a steeper lower terrace reaching ~800 m, although they did not
formally name them. Uchupi (1966) divided the Terrace into four sedimentary units
based on seismic profiles; Ballard and Uchupi (1970) discussed them in greater detail as:
1) fine-grained carbonate muds along the southern end of the Terrace; 2) phosphorite
nodules in a matrix of carbonate sand and phosphorite pavements; 3) a continuous
phosphorite layer on the outer terrace ridge line, and 4) a downslope phosphorite unit on
the western slope of their northern traverse. Mullins and Neumann (1979) added
descriptions of rock samples and high-resolution seismic reflection profiling to describe
the geology of the Terrace in greater detail (Figure 2). They formally divided the Terrace
into a broad upper, karstic terrace in 200-375 m, and a steeper lower terrace in 600-700
m, the two separated by a discontinuous, high-relief outer terrace ridge. They suggested
that the upper terrace most likely formed via subaerial erosion during the Late Miocene
period in association with eustatic lowering of sea level due to glaciation, whereas the
lower terrace’s eastward-facing slope facies most likely formed via erosion from
increased flow of the Florida Current following closure of the Isthmus of Panamá
(Mullins and Neumann, 1979). Their rock samples from the upper terrace, outer terrace
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ridge and the lower terrace consisted mainly of phosphorites--mainly loose slabs of
varying sizes along the upper and outer terrace ridge and nodules on the lower terrace.

Figure 1. Early Miami Terrace bathymetric maps. A. Kofoed and Malloy (1965). B. Malloy and Hurley (1970). C. Ballard
and Uchupi (1971).

More recently, as part of a siting survey for potential hydrokinetic installations,
Vinick et al. (2012) mapped a swathe of the northern Miami Terrace using multibeam
sonar. They divided the upper terrace into Inner and Outer Terrace Platforms and, in their
analyses, distinguished high- and low-relief substrates (Figure 3), which were
incorporated into analyses of benthic faunal habitats (see below).
The outer Terrace edge near the proposed pipeline track is a continuous
phosphoritic limestone with steep ridges 50 to 80 m in relief, with some near vertical
slopes, undercuts, slump bocks and shallow steps (Ballard and Uchupi 1971). South of
the pipeline route the outer terrace margin has a pair of north-south ridges in as shallow
as 310 m (west) and 412 m (east), with steep phosphoritic limestone escarpments and
vertical relief (Neumann and Ball, 1970). Below the Outer Terrace Ridge, the upper part
of the Lower Terrace is characterized by a series of sinkholes in ~425-500 m (Vinick et
al. 2012). Below this, the Terrace becomes increasingly low-relief with hard substrates
10

Figure 2. Miami Terrace transects. A. Mullins and Neumann (1979, Figure 3): photograph of seismic reflection profile
of the eastern upper terrace, outer terrace ridge, and lower terrace. B. Neumann and Ball (1970, Figure 3): schematic
profile of submersible dive traverse off Miami, Florida, illustrating major observations; bottom current direction
indicated by circles is to the south.
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Figure 3. A. Plan view of multibeam topography overlain by benthic habitats showing the four major geomorphologic
zones. Cross-hatching infers habitats in areas beyond the multibeam survey. Yellow lines = ROV transects; black lines =
depth profiles derived from multibeam data. B. Three-dimensional rendering of multibeam topography overlain by
benthic habitats illustrating the four geomorphologic zones (from Vinick et al. 2012).

diminishing with depth. Mullins and Neumann (1979) characterized the Lower Terrace as
loose phosphoritic slabs between outcrops. Vinick et al. (2012) mapped much of the
deeper portion of the Lower Terrace as unconsolidated sediment with 20-40% of the
seafloor characterized as rubble fields in 507-510 m. They found patches of Lophelia
pertusa coral rubble in low mounds, mostly isolated dead thickets, fields of coral debris
pavement, and sediment-veneered pavement bottoms. Below the Terrace, an extensive
12

unconsolidated sediment ridge is topped by mounds of azooxanthellate corals (Neumann
and Ball 1979).
The outer Terrace edge near the proposed pipeline track is a continuous
phosphoritic limestone with steep ridges 50 to 80 m in relief, with some near vertical
slopes, undercuts, slump bocks and shallow steps (Ballard and Uchupi 1971). South of
the pipeline route the outer terrace margin has a pair of north-south ridges in as shallow
as 310 m (west) and 412 m (east), with steep phosphoritic limestone escarpments and
vertical relief (Neumann and Ball, 1970). Below the Outer Terrace Ridge, the upper part
of the Lower Terrace is characterized by a series of sinkholes in ~425-500 m (Vinick et
al. 2012). Below this, the Terrace becomes increasingly low-relief with hard substrates
diminishing with depth. Mullins and Neumann (1979) characterized the Lower Terrace as
loose phosphoritic slabs between outcrops. Vinick et al. (2012) mapped much of the
deeper portion of the Lower Terrace as unconsolidated sediment with 20-40% of the
seafloor characterized as rubble fields in 507-510 m. They found patches of Lophelia
pertusa coral rubble in low mounds, mostly isolated dead thickets, fields of coral debris
pavement, and sediment-veneered pavement bottoms. Below the Terrace, an extensive
unconsolidated sediment ridge is topped by mounds of azooxanthellate corals (Neumann
and Ball 1979).
2. Oceanography
The Miami Terrace lies beneath the Florida Current, the segment of the Gulf
Stream System within the Strait of Florida, which derives chiefly from the Loop Current
in the Gulf of Mexico (e.g., Sturges & Leben 2000). An extensive literature describes
variations in velocity, temperature, volume and heat transport, as well as models of the
Florida Current (e.g., Düing 1973 1975; Kielmann & Düing 1974; Leaman et al., 1987;
Lee et al. 1985; Lee & Mooers 1977; Wang & Mooers 1997; Lund & Curry 2006;
DiNezio et al. 2009). The Florida Current flows northward through the Strait at a surface
velocity of at least 150 cm sec-1 with a volume transport of 30-35 Sv (Düing et al. 1973;
Baringer & Larsen 2001). However, Hurley and Fink (1963) first recorded southerly
bottom flow from drop camera images in 845 m in the central Strait southeast of the
Miami Terrace, and Neumann and Ball (1970) reported southerly bottom flow along the
Terrace from the base of the slope in 825 m to the outer ridge crest in 457 m at velocities
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reaching 5.8 cm sec-1. Düing and Johnson (1971) recorded intermittent southward
velocity of up to 30 cm sec-1 at depths between 250 and 500 m over the Terrace and
suggested the phenomenon might result from a combination of deep countercurrent and
meanders of the main axis (see also Düing 1975). Ballard and Uchupi (1971) reported
northward near-bottom velocities on the upper Miami Terrace of 1.5-18.0 cm sec-1.
Gomberg et al. (1976) pointed out that such strong flow prevents anything more than a
thin sediment veneer from being deposited. The bathymetry of the Miami Terrace and
surrounding areas led Mullins and Neumann (1979) to suggest, as noted above, that the
Gulf Stream became more active during the middle Miocene period, likely due to the
closing of the Isthmus of Panamá (see also Mullins et al. 1987; Haug & Tiedemann 1998;
Coates & Stallard 2013).
3. Biology
Serving as a channel and a barrier, the Strait of Florida forms an important
hotspot of biodiversity. The unidirectional flow of the Florida Current creates a
continuous environment for many benthic organisms that have ranges extending
throughout the Caribbean Sea. In contrast, the properties of water movement in the Strait
and the geographic features of its margins create significant physical and biological
barriers. The geostrophic flow of the Florida Current—part of the western boundary
current system in the North Atlantic—tilts isotherms across the channel, so that similar
depths on opposite sides of the channel experience dramatically different conditions. For
example, a mean temperature of 10°C occurs at a depth of 200 m on the Florida side of
the northern Strait but in 600 m on the Bahama side (Leaman et al. 1987) (Figure 4).
Although the Florida and Bahama platforms share a common origin, the Florida margin
of the Strait contrasts strongly with the steep bank-edge escarpments and lithified mounds
of the Bahama side (e.g., Malloy et al. 1970; Neumann et al. 1977; Messing et al. 1990;
Anselmetti et al. 2000). Many benthic species characteristic of the Bahama side of the
Strait are absent from the Florida side. Examples include at least six crinoid species
(Messing 1975; Meyer et al. 1978), the zoanthid gold coral Kulamanana sp. (formerly
Gerardia sp.) (Messing et al. 1990), the octocorals Acanthoprimnoa goesi, Bebryce
grandis, Chrysogorgia thyrsiformis, Paracalyptrophora simplex, P. duplex, and
Siphonogorgia agassizi, the echinoids Agassizia excentrica, Palaeopneustes cristatus,
14

and Plethotaenia angularis (Rogers 2008), the black corals Distichopathes filix and
Tanacetipathes tanacetum, and the stony corals Balanophyllia (Balanophyllia)
cyathoides, Caryophyllia (Caryophyllia) antillarum and Deltocyathus agassizi (Rogers
2008, Hourigan et al. 2017). Thus, the Strait represents an important biogeographic
boundary for deeper benthic faunas, particularly in the ~200-600 m depth range.

Figure 4. Cross-sections across Strait of Florida at 27°N latitude, facing north with Florida at left and the Bahamas at
right. A. Mean temperature (from Leaman et al. 1987, Figure 2c). B. Mean density (σT) from Leaman et al. 1987,
Figure 3).

Except for the few geologically-oriented submersible dives mentioned above,
prior to the early 2000s, benthic assemblages on the Miami Terrace were only known
through dredging and trawling. Primary among these were the extensive collections made
by the University of Miami research vessel R/V Gerda, which made over 600 successful
benthic collections in the Strait of Florida (Messing 1975; Meyer et al. 1978; Rogers
2008). The benthic fauna recorded via dredge and trawl on the Miami Terrace appears to
include no endemics. Instead, resident species are more widely distributed and fall into
several patterns: 1) along the entire continental margin of the Strait, e.g., royal red shrimp
Pleoticus robustus, and crabs Bathynectes longispina, and Chaceon affinis, including
some northern species that occur no further south than the Strait, e.g., Cancer borealis
and C. irroratus and the corals Dasmosmilia lymani and Thecopsammia socialis; 2) along
the continental margin and across the Strait at Cay Sal Bank, e.g., the echinoid
Echinocyamus grandiporus; 3) along the continental margin and across the northern
Strait, e.g., the lobster Nephropsis aculeata, and the codling Laemonema barbatulum, and
4) more widespread throughout all or much of the tropical western Atlantic, e.g., the sea
15

star Nymphaster arenatus, and corals Asterosmilia prolifera and Paracyathus pulchellus
(Cairns 1979; Rogers 2008).
Since then, numerous benthic faunal surveys have been carried out on the Miami
Terrace using submersibles or ROVs (Reed & Ross 2005; Reed et al. 2006a, 2013; Shirur
2008). Neumann and Ball (1970) found thickets of three branching stony corals—
Lophelia (=L. pertusa), Dendrophyllia (=Enallopsammia profunda), and Madrepora
(=M. oculata) on a variety of topographic features at the base of the terrace escarpment.
Reed et al. (2006a) reported that the flat upper terrace pavements and lower slopes were
relatively barren and supported low biodiversity, whereas steep escarpments, particularly
near ridge crests, supported an abundant and diverse sessile fauna, dominated by
octocorals (Paramuricea spp., Placogorgia spp., and Isididae); scleractinian corals (L.
pertusa, M. oculata, and E. profunda), Stylasteridae, Antipatharia, and 14 sponge species
(e.g., Heterotella spp., Spongosorites spp., Geodia spp., Vetulina spp., Leiodermatium
spp., Petrosia spp., Raspailiidae, Astrophorida, Pachastrellidae, and Corallistidae).
Mobile invertebrates included the ophiuroid Asteroporpa sp. (probably A. annulata),
echinoid Stylocidaris sp., golden crab Chaceon fenneri and galatheid squat lobsters. They
also recorded 19 species of bottom-associated fishes, including shortnose greeneye
(Chlorophthalmus agassizi), blackbelly rosefish (H. dactylopterus), codling (Laemonema
melanurum), conger eel (Conger oceanicus), red dory (Cyttopsis rosea), rattail (Nezumia
spp.), houndshark (Triakidae), dogfish (Mustelus spp.), and schools of up to ~100
wreckfish (Polyprion americanus) (Figure 5).
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Figure 5. Miami Terrace fauna (from Reed 2006b). A. Thicket of living and dead Lophelia pertusa. B. Pachastrellid
sponge and unidentified stylasterid lace corals. C. Octocoral Paramuricea placomus with ophiuroids Asteroporpa
annulata and squat lobster Eumunida picta. D. Video frame grab of wreckfish, Polyprion americanus.

Benthic ROV surveys have also been carried out on the terrace for environmental
assessment in advance of proposed or potential infrastructure projects, including a liquidgas pipeline, deep-water port, acoustic cables, and hydrokinetic installations (Messing
2006a b, 2012; Vinick et al. 2012). As examples, Messing et al.’s (2006a) report on a
benthic video survey that examined ~52 nm of upper terrace seafloor for a proposed
deep-water port recorded the most abundant organisms on hard substrates as a variety of
sea anemones (Actiniaria), the nephtheid octocoral ?Capnella (=Pseudodrifa) nigra,
zoanthids and echiuran spoon worms (probably Ochetostoma sp.), plus fewer isidid and
primnoid octocorals, stylasterids, and sponges. A pipeline survey (Messing et al. 2006b),
spanned the entire width of the terrace off Fort Lauderdale and extended to the boundary
of the US Exclusive Economic Zone, half way to the Bahamas. Building on the previous
surveys, Vinick et al. (2012) was able to identify substantially more organisms (see also
17

Messing et al. 2012). As examples, organisms on hard substrates in 235-245 m included
the anemones Liponema longicornis, Actinoscyphia sp., Corallimorphus sp., and
Sagartiidae; octocorals Pseudodrifa nigra, Isidella sp., Plumarella sp., and Eunicella sp.;
black coral Leiopathes sp., stylasterids, zoanthids, the urchin Araeosoma sp., sea stars
Tosia parva and Goniasteridae; squat lobsters Eumunida picta and Galatheidae; the
spoonworm ?Ochetostoma sp.; and the sponges Phakellia sp., Farrea sp., Aphrocallistes
beatrix, Geodia sp., Spongosorites sp., Vazella sp., and members of Pachastrellidae,
Petrosiidae and Lithistida. The Outer Ridge crest in 280 m added desmacellid and
raspailiid sponges, the basketstar Gorgonocephalus arcticus, and the crinoid Comatonia
cristata. In 409 m, Lophelia pertusa coral rubble first appeared and persisted at intervals
to at least 474 m in a sinkhole. Within the sinkhole, higher-relief substrates supported
stylasterids, isidid octocorals, and sponges among sessile taxa, and a rajid skate and
greeneye, C. agassizi, among fishes. As this study used the results of some of these
surveys to draw comparisons with Pourtalès Terrace fauna and habitats, they will be
discussed in greater detail in the results section below.
B. The Pourtalès Terrace
1. Geology
The Pourtalès Terrace is the southern portion of the limestone platform that
emerges from prograding sediments off Key Largo. It is a narrow triangular feature that
lies off the Florida Keys, and runs approximately 213 km, from Southern Key Largo to
between Key West and the Marquesas Keys. The upper boundary starts in about 200 m
and extends to 450 m, where the Pourtalès Terraces Escarpment slopes steeply to the
floor of the southern Straits of Florida (Jordan et al., 1964; Malloy and Hurley 1970)
(Figure 6).
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Figure 6. Early Pourtalès Terrace bathymetric maps. A. Jordan et al. (1964, Figure 2). B. Malloy and Hurley (1970, map
II).

A chain of sinkholes about 100 km long extends along the southwest margin of
the terrace. First discovered by Jordan (1954), Land and Paull (2000) used side scan
sonar, seismic profiler and echo sound profilers to map and describe them. The largest,
the Jordan Sinkhole, is 1.2 km long, lies in 350 m, and consists of two circular, steepsided depressions that reach a vertical relief of 260 m. The Marathon Sinkhole is also a
pair of holes at a depth of 460-470 m with a vertical relief of 61-64 m (Land and Paull,
2000; Reed et al. 2005). Malloy and Hurley (1970) dismissed the idea that the sinkholes
formed subaerially. Kohout et al. (1965) explained that they formed via convection when
cool seawater from the Strait of Florida seeped into the permeable limestone of the
Tertiary Floridan Aquifer and flowed inland. Geothermal heating caused the water to
migrate up into the ground water, resulting in a mixed discharge along the shelf edge.
Most recently, Reed et al. (2012) described a series of sites on the terrace
covering 397.1 km2 mapped using high-resolution multibeam sonar. All but one of the
sites had not been previously mapped with this technology: eight were within the
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Pourtalès Terrace deep-water Coral Habitat of Particular Concern (CHAPC; see below),
and three inside the ‘East Hump’ Marine Protected Area (MPA). Their report included
detailed ROV observations of topography, geology and fauna (see below) at fourteen
sites: eleven within the CHAPC and four within the MPA (Figure 7). Their expedition
also discovered a ~120-m-high mound and three sinkholes that had not appeared on
previous bathymetric charts.
2. Oceanography
Although the Pourtalès Terrace also lies under the Florida Current, it is subject to
different important variations in flow velocity and direction generated by meanders in the
Loop Current in the Gulf of Mexico, upstream of the Florida Current (e.g., Maul et al.
1974; Maul 1977; Vukovich and Maul 1985; Vukovich 1988, 1995, 2012). According to
Lee et al. (1995), when the southward flowing arm of the Loop current is strong, it
overshoots the entrance to the Strait of Florida before turning eastward. This becomes an
offshore meander of the Florida Current, which generates a cyclonic (counterclockwise)
eddy—the Tortugas Gyre—which reaches about 200 km across and persists for periods
of about 100 days. The cyclonic circulation generates upwelling of cool water within the
eddy (see also Lee et al. 1992, 1994; Fratantoni et al. 1998; Lee and Williams 1999).

Figure 7. Map of Pourtalès Terrace showing ROV Kraken II dive sites (stars), MOCNESS trawls (red dots), and
multibeam sonar surveys (color boxes) (Reed et al. 2012, Figure 3); Pourtalès Terrace Coral Habitat Area of Particular
Concern (red polygon), ‘East Hump’ Marine Protected area (yellow polygon) (from Reed et al. 2012).
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When flow from the Yucatán Channel turns directly into the Straits in the absence
of a developed Loop Current, the resulting Florida Current flow is strong south of the Dry
Tortugas and over the Pourtalès Terrace, and an eddy does not form. The Tortugas Gyre
may remain in place until it weakens or may be displaced eastward by the approaching
crest of a meander in the Loop Current—a Loop Current frontal eddy—which propagates
southward along the eastern Loop Current boundary adjacent to the west Florida shelf
(Fratantoni et al. 1995) (Figure 8). Lee et al. (1992) reported circulation velocities of 2050 cm sec-1 within the gyre over the Pourtalès Terrace with upwelling of colder water
over vertical distances of 50-75 m. This circulation pattern increases the time the water
within the gyre remains over the terrace and generates a retention zone for both larvae
and pollutants entrained in the Florida Current (e.g., Lee et al. 1992).

Figure 8 Tortugas Gyres (from Fratantoni et al. 1998). A. Sea surface temperature on 23 March 1995 (their plate 1).
Cooler (green) surface waters illustrate a Tortugas Gyre (TG) north of a meander in the warmer (orange) Florida
Current, with warm-water streamers advected cyclonically into the gyre interior over the Pourtalès Terrace. B.
Eastward propagation of a Tortugas Gyre (1) derived from sea surface temperature measurements. A second gyre (2)
begins to form at bottom after the first dissipates over the Pourtalès Terrace (their Figure 4b).

4. Biology
The benthic sampling carried out in the Strait of Florida chiefly by R/V Gerda, as
mentioned above, revealed several faunal features that distinguished the Pourtalès
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Terrace fauna from other habitats in the region, especially the Miami Terrace. As
examples, Cairns (1986) reported the stylasterid hydrocorals Distichopora foliacea,
Stylaster miniatus, and Stylaster filogranus almost entirely from the terrace, and
Pliobothrus symmetricus from the Pourtalès Terrace, northwestern Bahamas, and Lesser
Antilles, but not the Miami Terrace. Among azooxanthellate scleractinian corals, Cairns
(1979) reported Thalamophyllia gombergi only on the Pourtalès Terrace, and several
other species from the terrace and elsewhere in the western tropical Atlantic (e.g., Gulf of
Mexico, Bahamas, Caribbean Sea), but not the Miami Terrace: Dendrophyllia
cornucopia, Peponocyathys stimpsonii, Polymyces fragilis, and Tethocyathus
cylindraceus. Meyer et al. (1978) reported large numbers of the feather star Coccometra
hagenii on the terrace (1,176 specimens at 17 stations, including 567 specimens at one
station); it is otherwise known from only a handful of specimens taken at only six other
stations between the Gulf of Mexico, Cuba and the southeastern United States (Clark &
Clark 1967). In characterizing the distributions of deep-water brachyuran crabs in the
Strait of Florida, Soto (1985) found a cross-channel pattern in which species occurred on
the Pourtalès Terrace and along the western margins of Little and Great Bahama banks,
but not on the Miami Terrace. Examples of species found on hard substrates include
Anomalothir furcillatus, Latreillia elegans, and Rochinia hystrix. Staiger (1970) recorded
a similar pattern for bottom-associated fishes—Pourtalès Terrace and Bahama side of the
central and northern Strait—perhaps associated with irregular hard substrates, e.g.,
Antennarius radiosus, Antigonia capros, Anthias asperilinguis, Bellator brachychir,
Breviraja colesi, Neomerinthe beanorum and Pontinus longispinis. In a biogeographic
analysis of published and museum benthic sample records in the Strait of Florida, Rogers
(2008) added additional species to this “cross-Straits but not Miami Terrace” pattern, e.g.,
the urchins Coelopleurus floridanus, Genocidaris maculata and Stylocidaris lineatus, the
octocoral Swiftia casta, the hydroids Aglaophenia apocarpa and Cladocarpus
paradiseus, plus a few restricted to the Pourtalès Terrace, e.g., the sea stars Peltaster
placenta and Sclerasterias contorta, and the snipefish Macrorhamphosus scoloplax.
Reed et al. (2005) described the results of submersible surveys of five high-relief
topographic features and two sinkholes on the Pourtalès Terrace. The topographic
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features, referred to as bioherms, were chiefly dominated by sponges, stylasterid
hydrocorals, and octocorals (Figure 9).

Figure 9. Choristid cup sponge, unidentified gray finger sponge, and pink Stylaster sp. on the Pourtalès terrace; depth
173 m. Photo courtesy John Reed.

Assemblages varied with depth and local topography, and included taxa found
chiefly on the Pourtalès Terrace as well as those shared with the Miami Terrace. As
examples of faunal variations with topography and depth, stylasterids (to 10 m-2), the
black coral Antipathes rigida, and a variety of sponges, e.g., Chondrosia sp.,
Leiodermatium sp., and Plakortis sp., dominated the lower slope and base (319-274 m) of
bioherm 1 (Tennessee Humps). Upslope to 213 m, sponges added Erylus sp. and
Corallistes sp. Octocorals (Placogorgia mirabilis and Primnoidae) became dominant in
206 m, the latter reaching a density of 80 m-2. At the top of the feature in 197 m, the
stylasterids Stylaster miniatus and S. filogranus covered almost 100% of the substrate in
places at densities reaching 80 m-2; they were accompanied by thick accumulations of
dead colonies, as well as numerous sponges. Bioherm 3 (Alligator Humps) exhibited
much of the same fauna in general, but added numerous bushy hydroid colonies (to 5 m-2)
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on a terrace in 203 m. Upslope (198-168 m) ledges added tube sponges belonging to
Petrosiidae and Hexactinellida, and spherical sponges Aka sp. and Geodia sp. These areas
lacked both octocorals and black corals.
Ash (2015) used data and images from this cruise to characterize the benthic
invertebrate faunal communities relative to depth and topography of a series of ROV
dives and compare protected versus unprotected sites. The current work uses selected
results from her analyses to compare with data collected from a couple of sites on the
northern Miami Terrace (see below).
C. Conservation
Deep-water, hard substrate environments support widespread assemblages of
diverse corals and sponges around the world. Now known as Deep-Sea Coral
Environments (DSCEs), these communities create complex three-dimensional habitats
for a high diversity of other deep-water species, both fishes and invertebrates (Reed et al.,
2005). The combination of three-dimensional habitats and typically prominent
topography create natural spawning, feeding and nursery grounds for many species
(Brooke et al., 2006). However, despite their often great depths, they are widely subject
to human impacts, including commercial bottom fishing and energy production. In the
Gulf of Mexico and northern Great Britain, deep sea oil exploration has created problems
with coral habitats, although the extent of these issues is not fully understood (Rogers,
1999). The destruction of reef framework by bottom trawls and overfishing appear to be
the main cause of disturbance. As an example, comparison of submersible image surveys
of Oculina varicosa reefs off eastern Florida at depths of 70-100 m between 1975-1977
and 2001 found that, despite their partial protection beginning in 1984, fishing had
devastated grouper and snapper populations, and bottom trawling for rock shrimp had
nearly eliminated live coral at six reef sites (Reed et al. 2007, 2013).
The following two sections summarize concepts and efforts involved in managing
and protecting DSCEs, with a focus on the two terraces: Essential Fish Habitat (EFH) and
Coral Habitats of Particular Concern (CHAPCs). When the Magnuson-Stevens Fishery
Conservation and Management Reauthorization Act of 2006 (P.L. 109-479) (MSRA) was
enacted in 2007, it required establishment of the “Deep Sea Coral Research and
Technology Program”, which addressed both concepts. Section 408 (b) required that
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NOAA, together with the regional Fishery Management Councils of the U.S., submit
“biennial reports to Congress and the public on steps taken by the Secretary to identify,
monitor, and protect deep sea coral areas, including summaries of the results of mapping,
research and data collection performed under the program” (NOAA 2008, p. v). The first
report was submitted the following year and included a strategic plan with the primary
goal to “improve research, conservation, and management of deep sea coral and sponge
communities, while balancing long-term uses of the marine ecosystem with maintenance
of biodiversity” (NOAA 2008, p. 17). The most recent of these (Hourigan et al. 2017)
provides a thorough summary of recent deep-sea coral and sponge research in the
southeastern U.S., with sections on both Miami and Pourtalès Terraces, including
taxonomy, distributions, predictive modelling, research priorities, management and
stressors.
1. Essential Fish Habitat
The MSRA defines EFH as “those waters and substrate necessary to fish for
spawning, breeding, feeding, or growth to maturity” (16 U.S.C. 1802 (10)). EFH
identified in the Act’s Fisheries Management Plan (FMP) Amendments include live/hard
bottoms, coral, coral reefs, artificial/manmade reefs, Sargassum and the water column
(NOAA NMFS, 2000). According to the MSRA (2007), an important provision for
conserving fish habitat requires that “Each Federal agency shall consult with the
Secretary [of Commerce] with respect to any action authorized, funded, or undertaken, or
proposed …by such agency that may adversely affect any essential fish habitat identified
under this Act” (p.98).
As required by Section 408, the MSRA (2007, p. 161) established the Deep-Sea
Coral Research and Technology Program (DSCRTP) to “(1) to identify existing research
on, and known locations of, deep sea corals and submit such information to the
appropriate Councils; (2) to locate and map locations of deep sea corals and submit such
information to the Councils; (3) to monitor activity in locations where deep sea corals are
known or likely to occur, based on best scientific information available, including
through underwater or remote sensing technologies and submit such information to the
appropriate Councils; (4) to conduct research, including cooperative research with fishing
industry participants, on deep sea corals and related species, and on survey methods; (5)
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to develop technologies or methods designed to assist fishing industry participants in
reducing interactions between fishing gear and deep sea corals; and (6) to prioritize
program activities in areas where deep sea corals are known to occur, and in areas where
scientific modeling or other methods predict deep sea corals are likely to be present.”
2. Habitats of Particular Concern (HAPCs)
The MSRA described Habitats of Particular Concern as subsets of Essential Fish
Habitats that are “rare, particularly susceptible to human-induced degradation, especially
ecologically important, or located in an environmentally stressed area” (NOAA NMFS,
2000). NOAA NMFS (2000) identified hermatypic coral habitat and reefs, and hard
bottoms as HAPCs. Previously, NOAA had established the Oculina Habitat of Particular
Concern OHAPC in 1984 due to indicators that illegal fishing was occurring. Within its
315-km2 area, only two sites had not previously been impacted (Brooke et al. 2006; Reed
et al. 2007). In 2000, the area was expanded to 1,029 km2. In 2003, the South Atlantic
Fishery Management Council (SAFMC) passed an amendment requiring commercial
vessels to carry vessel monitoring systems (VMS) and the proper permits. The Florida
Fish and Wildlife Commission (FWC) does patrol the reef areas for illegal practices, yet
enforcement is difficult (Brooke et al., 2006).
As a direct result of the first DSCRTP report in 2008, NOAA established a series
of five additional HAPCs called Deep-water Coral Habitats of Particular Concern
(CHAPCs) that encompassed 62,714 km2 and extended from North Carolina to south
Florida (NOAA 2010; Reed et al. (2013) (Figure 10). Within these areas, the ruling
indicates that “no person may: (i) Use a bottom longline, trawl (midwater or bottom),
dredge, pot, or trap. (ii) If aboard a fishing vessel, anchor, use an anchor and chain, or use
a grapple and chain. (iii) Fish for coral or possess coral in or from the Deepwater Coral
HAPC on board a fishing vessel” (NOAA 2010, p. 35333). The protected areas included
much of both the Miami and Pourtalès Terraces. The amendment only allows three
fisheries to operate within certain areas of the CHAPCs (NOAA, 2009): wreckfish
(Polyprion americanus), golden crab (Chaceon fenneri), and royal red shrimp (Pleoticus
robustus). Reed et al. (2013) discussed the history behind the establishment of these
protected areas. Reed et al. (2014) also described new geologic features outside of the
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CHAPCs and Marine Protected Areas (MPA) (see below), suggesting new borders should
be drawn.
3. Marine Protected Areas (MPAs) and other conservation efforts
The State of Florida enacted the Coral Reef Protection Act in 2009, which
authorizes the Florida Department of Environmental Protection (FDEP) to protect coral
reefs in State waters through the assessment and recovery of damages to affected coral
reefs; essentially providing Florida the ability to impose a civil penalty for damaging
reefs (Vinick et al. 2012).
On the Pourtalès Terrace, NOAA also established the “East Hump” Marine
Protected Area (MPA) as a Type II MPA (Figure 7). Such protection closes the area to
fishing for and possession of grouper and snapper species, although taking of other
pelagic fish species is allowed (SAFMC, 2009b). Nevertheless, because these CHAPCs
and MPAs cover large areas and much of them are easily accessible to fishers, patrolling
for illegal practices proves difficult (Reed et al., 2002).
In 2012, the South Atlantic Fisheries Management Council (SAFMC) proposed
Comprehensive Ecosystem-Based Amendment (CE-BA) 3, of the MSRA, which aimed
to better quantify catch/mortality rates, and improve data collection and analysis to
reduce overages. CE-BA-3 affects wahoo (Acanthocybium solandri), snapper
(Lutjanidae), grouper, golden crab and migratory species (SAFMC, 2014).
SAFMC’s proposal in 2013 of CE-BA 9 of the MSRA, prompted by the discovery
of two major deep-water coral site discovered outside the CHAPC boundaries, doubled
the size of the OHAPC off eastern Florida and added approximately 843 mi2 to the
CHAPCs off northern Florida and North Carolina (NOAA, 2014).
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Figure 10. Regions of deep-sea coral ecosystem (DSCE) habitats from northeastern Florida through the Strait of
Florida. Dashed gray line = U.S. EEZ; polygons (heavy bold lines) = boundaries of CHAPCs and OHAPC; colored polygons
= DSCE habitats colored by region; striped polygon = area of data gap (from Reed et al. 2013, Figure 1).
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Figure 10 continued. Detail of previous showing northeastern Florida and northern Strait of Florida; stars = DSCE
habitat mapped with ROV, submersible or sonar; triangles = museum records of Lophelia pertusa, Enallopsammia
profunda, or Madrepora oculata corals; dots = museum records of other deep-water (>50 m depth) coral species
(Cairns 1979, 2000); depth contours in meters. Other legends as above (from Reed et al. 2013, Figure 2).
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Figure 10 continued. Detail of previous showing southeastern Florida and central Strait of Florida; legends as above
(from Reed et al. 2013, Figure 3).
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Figure 10 continued. Detail of previous showing southern Florida and southern Strait of Florida; legends as in previous
(from Reed et al. 2013, Figure 4).

5. Methods
A. Data Acquisition
1. Miami Terrace - Calypso Pipeline
In 2002, Tractebel Calypso, LLC, a subsidiary of SUEZ Energy North America,
Inc., purchased bankrupt Enron Corp.'s proposed liquefied natural gas (LNG) terminal on
Grand Bahama Island and its associated Bahamas-to-Broward County, FL, Calypso
pipeline project, to bring re-gasified liquefied natural gas (LNG) to the U.S. pipeline grid
(Intelligence Press 2002). Following inaction by the government of the Bahamas,
Calypso altered the project to propose an offshore Deepwater Port (DWP) 16 km
northeast of Port Everglades, Broward County, Florida, that would permit transfer of
LNG from ships to a pipeline to be horizontally drilled beneath the coral reefs along the
coast, run ashore, and connect to the Florida Gas Transmission Pipeline (Messing et al.
2006a, b). However, following comments by then governor Charlie Crist in 2009,
Calypso LNG, LLC, suspended their application for the Deepwater Port License (Harris
2009). Neither pipeline nor DWP were ever constructed. As part of these projects, Nova
Southeastern University Oceanographic Center scientists carried out four benthic
environmental surveys to locate, characterize, and determine the distribution of benthic
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marine communities along the proposed pipeline route and spanning the proposed DWP
impact area to provide a baseline for evaluating potential impacts (Dodge et al. 2001;
Messing et al. 2003, 2006a, b). Sites for comparison with the Pourtalès Terrace were
selected from the pipeline survey, not the DWP.
The pipeline project surveyed a continuous video transect along the entire
proposed route from milepost (MP) 0 at the U.S. Exclusive Economic Zone (EEZ)
boundary with the Bahamas to MP 31 (omitting a segment already examined within the
DWP survey area) (Figure 11). This was followed by two parallel transects, each 46 m
(150 ft.) away from the pipeline route, one on either side, at depths where hardbottom
habitats or assemblages of biological interest were observed during the first transect. In
addition, two more transects, each 2000-ft long and oriented north-south, were run “along
areas of high biological interest to determine if gaps existed in the assemblages that might
represent alternative pipeline routes: one along the crest of the Miami Terrace escarpment
and one near the EEZ along the deep-water coral thickets habitat (Messing 2006b, pp. 1314).

Figure 11. Proposed U.S. Calypso Pipeline route. Surveyed area highlighted in red (Messing et al. 2006b).

Data were acquired using the Television Observed Nautical Grappling System
(TONGS), a hybrid towed camera array and remotely operated vehicle (ROV), owned
and operated by the Naval Surface Warfare Center, Carderock Division, South Florida
Testing Facility (SFTF), Dania Beach, FL. Support ships included the University of
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Miami’s research vessel F.G. Walton Smith and NASA’s Freedom Star. TONGS was
equipped with four color cameras, underwater lights, dual-frequency imaging and search
sonar, altimeter, and depth sensor. For this project, the ROV’s equipment included a
Kongsberg OE-1373 high-resolution video camera, OE11242 Flashgun and OE14208
Digital stills camera. An ultra-short baseline acoustic tracking system integrated into a
differential global position system (DGPS) with accuracy of ±1 yard was used to
determine the position underwater for survey transects (Messing 2006b). Image areas,
and organism and bottom feature sizes were calculated from scaling lasers 8 cm apart.
Areas of biological interest were selected for quantitative photographic surveys based on
a combination of elevated richness, apparent diversity and habitat complexity relative to
surrounding habitats (Messing 2006b). According to Messing (2006b, p. 13), “The survey
was conducted pursuant to United States Department of the Interior Minerals
Management Service (MMS) guidelines and regulations for assessment of impacts on
marine resources and the Florida Fish and Wildlife Conservation Commission (FFWCC)
“Guidelines for Conducting Offshore Benthic Surveys” as modified by discussions with
MMS representative Gary Goeke…[M]ethods…were outlined, adjusted and vetted by
representatives of the following agencies during a meeting in West Palm Beach, FL, on
11 Apr 2006: U.S. Coast Guard, Army Corps of Engineers, Florida Department of
Environmental Protection, Florida Fish and Wildlife Conservation Commission, Minerals
Management Service and NOAA Fisheries.”
The survey (June 2006) included continuous video and still images taken every 10
minutes over sediment substrates on all transects. Still images were taken on areas of
biological interest on hard substrates repeatedly “as soon as the strobe recycled and the
ROV moved far enough to avoid overlapping exposures”. The project also took
photographs of specific organisms on all substrates for identification. Seven sites were
selected for “quantitative plan-view digital photography based on their greater relief and
apparent biological complexity and diversity relative to surrounding substrates” (Messing
et al. 2006b, p. 13). The plan called for ~100 satisfactory images per site, each image
series beginning on a habitat of high biological interest, although only 84 images proved
usable in one case (not selected in the current study). At the other six sites, 104 to 146
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images were analyzed to permit each series to end on habitats of biological interest,
rather than sediment.
2. Pourtalès Terrace
In 2011, NOAA and the Cooperative Institute for Ocean Exploration Research
and Technology (CIOERT) of Harbor Branch Oceanographic Institute at Florida Atlantic
University conducted a research cruise on the Pourtalès Terrace aboard the NOAA ship
R/V Nancy Foster. The primary goal was to characterize the sites in terms of benthic
invertebrate faunal communities, depth, and topography; and to compare results relative
to protected versus unprotected sites along the Terrace (Reed et al., 2012). Benthic
surveys and sampling were carried out using the ROV Kraken 2 (University of
Connecticut), which can support two high-definition and up to four standard definition
cameras. Unlike TONGS, this ROV has a robotic arm, insulated box for biological
samples, and a suction sampling system with eight sample buckets. The cruise (Florida
Shelf-Edge Expedition (FloSEE) Leg II) made 14 ROV dives, covered 16 km2 at depths
ranging from 154 m to 838 m, recorded ~58 hours of benthic video, and collected 2,253
transect still images. A Kongsberg Maritime high-definition (HD) camera (Kongsberg
OE14-502A, 800 TY lines resolution, 50.5 dg wide field of view) recorded video
continuously to document the general benthic habitat and was equipped with scaling
lasers 20 cm apart. A standard definition camera (Insite Pacific, Aurora; 570 horizontal
TV lines, 73 dg angle width view), also with scaling lasers 20 cm apart and mounted on
the underside of the HD camera, provided plan-view quantitative images. In addition, ten
sites together covering 397.1 km2 were surveyed with multibeam sonar and revealed new
topographic features on the terrace, including deep-water sinkholes and the southernmost
deep-water Lophelia coral mound in U.S. waters (Reed et al. 2012). See Figure 7 above
for ROV dives sites and mapped areas.
B. Data Preparation
Both Miami and Pourtalès Terrace datasets were prepared for analyses following
the same basic protocols: 1) post-survey review of video and photographs to confirm
organism identifications to lowest practical taxonomic level and to define biological
zones and benthic habitats; 2) processing of quantitative digital photographs, e.g., to
eliminate blurred, dark, and distant images and to improve image contrast, and 3)
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quantification of image area calculated via calibration using the scaling lasers and
converting image length and width from pixels to centimeters.
The pipeline survey included no statistical comparisons among sites, whereas the
Pourtalès Terrace survey did. For the latter, Ash (2015) found that depth and location
were superior to geomorphology as dominant factors for distinguishing communities
along different transects. She placed transects into five bin classes based on depth and
location (inside versus outside of CHAPC/MPA area borders), with the number of
transects in each bin class depending on depth and location, i.e., West 150-300 m (12
transects), North Central 150-250 m (14), Central 250-300 m (8), South 450-500 m (5)
and South 500-550 m (3) (Figure 12).

Figure 12. GIS map of Pourtalès Terrace showing borders of CHAPC (red), MPA (yellow), and Ash (2015) depth and
location bin classes (from Ash 2015).

To compare sites from the two surveys, species identifications from Messing et al.
(2006a; 2006b) were re-analyzed for quality control and standardized to match those
from Ash (2015) as far as possible. Images were examined to illustrate similarities and
differences between the two terraces faunas. Sites and transects from each cruise were
then condensed into two depth bins of 250-300 m and 450-550 m. To keep depth bins
consistent among the comparisons, other depths were eliminated. Appendix 2 describes
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each site and transect dive details. Qualitative images of selected organisms from these
sites (Messing et al. 2006b) and transects (Ash 2015) have also been included to compare
fauna from assemblages and given depths on the two terraces.
After eliminating the other depth bins, Site 4, 6 and 7 from Messing et al. (2006b)
were chosen for inclusion in this analysis. Figure 13 shows a section of the pipeline
survey that includes these sites. A total of 311 still images from the 363 minutes bottom
time on TONGS were re-analyzed for this evaluation. Several more transects were
selected from Ash’s (2015) Pourtalès Terrace study, because of the consistent depth bins
she had already created (e.g., West 150-300, North Central 15-250, etc.) (See Appendix 2
for a complete list of transect and site details.) A total of 5385 minutes from the ROV
Kraken II, and 474 still images were analyzed by Ash (2015). Image densities were then
compiled into Appendix 1 for statistical analysis in Primer v7.

Figure 13. Habitat map of pipeline survey showing locations of sites 4, 6, and 7. Major habitat polygons shown are
high-cover hardbottom (red), low-cover hardbottom (orange), coral rubble (light blue), and sediment (pale tan). The
dark blue line along site 4 represents coral observed along the transect. Map by Brian Walker (modified).

C. Data Analysis
Species densities extracted from Messing (2006a; 2006b) and Ash (2015) were
initially analyzed using Coral Point Count with Excel extensions (CPCe)© (Kohler &
Gill 2006). To standardize survey sites, areas of 30 m2 were chosen to maximize the
number of usable sites. Organism densities were determined by counting all visible
organisms larger than 3 cm across and identifying them to the lowest taxonomic level.
Data were analyzed for similarities and differences among the depth bins by
depth, location, and protection status, using multivariate statistics (Primer v7) program.
To understand the relationships among the transects and sites of the 2 cruises, analysis of
Species Accumulations and Species Analysis (SIMPER), and non-metric multidimensional scaling (nMDS) were applied to the data set (Appendix 1) (Clarke & Gorley,
2006). SIMPER was used to interpret which species based on location, depth and
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protection status as the factor that contributed most to the Bray-Curtis dissimilarity.
Groups with higher values represent similar communities. Non-metric MDS plots were
used to represent the data similarities in two- and three-dimensions. The distance between
points is directly related to similarity or dissimilarity of the fauna within each site. The
closer the points are to each other, the more similar their community composition; the
farther apart, the more dissimilar they are. Cluster Analysis with SIMPROF was to
distinguish statistically significantly groups. It produced a dendrogram for each factor, in
which sample size decreased and similarity increased (Clark & Gorley 2006). The cluster
dendrogram had all Miami Terrace Sites (4, 6, and 7) and Pourtalès Terrace transects (13, 6, 18-38) on the x-axis and similarity on the y-axis. This illustrated the similarities
based on depth bin, location and protection status. A shade plot was also constructed to
give a visual representation of species assemblage abundances and their range extensions
over depth (Primer v7). The darker the shaded area, the denser the occurrence of that
species. Sites, 4, 6, and 7, and transects 1-3, 6, 18-38 are on the x-axis, and taxa are listed
on the y-axis.

6. Results
A. Site Descriptions and Habitat Summaries
The following information is drawn from Messing (2006b) and Ash (2015).
1. Miami Terrace-Calypso Pipeline
Site 4
Site 4 on the Miami Terrace lies between 450 m and 550 m (between mileposts 13
and 15). Fine gravel and Lophelia coral rubble were more abundant than at deeper sites
but remained partly covered by a sediment veneer and was largely barren of any attached
fauna. There were few to no open sediment areas, but these contained craters created by
galatheid crabs (probably Munida sp. (CG Messing, personal communication)). Above
503 m, dense phosphoritic limestone gravel with rocks and cobbles (to 30 cm across)
were frequent as well as extensive pavement composed of slabs up to 0.5 m in length.
These alternated with areas of coral rubble and small patches of dead standing coral
(Figure 32D). The few species observed were rare to scattered and dominated by
octocorals: Pseudodrifa (formerly Capnella) nigra (Nephtheidae), Anthomastus sp.
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(Alcyoniidae), Primnoidae, and Keratoisis (Isididae, plus anemones, and sponges (mainly
Phakellia sp.) (Figure 14). Macrofauna was minimal and clustered, with few small living
colonies of Lophelia pertusa in 450-500 m (Messing et al. 2006b). CPCe analysis
returned substrate cover as ~24% sediment, ~43% hard substrate, 32% coral rubble, and
the remaining ~1% living organisms, chiefly non-coral anthozoans. Soft corals (e.g.,
nephtheids, alcyoniids) and gorgonian octocorals (e.g., primnoids and isidids) contributed
27.8% and 19.5%, respectively, to the total density of major groups of sessile and semisessile, habitat-forming, hard-bottom organisms (79%) (Figures 14 and 15).

Figure 14. A. Pseudodrifa nigra, B. Isidella sp. (Isididae), C. Callogorgia americana (Primnoidae) (from Messing et al.
2006a, Figure 8), and D. Anthomastus sp. (from Messing et al. 2006b, Figure 9).

Site 6 and 7
Sites 6 (mileposts 22-23) and 7 (mileposts 20-21) lie in 250-300 m and displayed
narrow ribbons or patches of low-relief eroded outcrops and partly buried pavements with
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rubble and cobbles. These ribbons were separated by wide expanses of smooth, weakly
bioturbated and tufted and rippled sediments. The “tufts” refer to a series of unidentified
organisms that might be bryozoans, hydroids, agglutinating foraminiferans, or worm
tubes with epifauna. They appeared as bushy growths 1-2 cm tall, or stalks 1-3 cm tall
with a cluster of fine filaments radiating from the upper stalk. Scattered local areas of
more extensive low- to moderate-relief partly buried outcrops, pavements, larger slabs or
boulders (to ~1.0 m) were also present. In CPCe analyses, sediment substrates accounted
for 60-70% of the seafloor, with hard substrates accounting for 27-38% (Figure 15). No
coral substrates (rubble, dead standing, or living) were recorded. Anemones, soft corals
and zoanthids dominated site 6, whereas no major taxonomic group dominated site 7
(Figure 16). Instead, demosponges, zoanthids, anemones/corallimorphs, and other
cnidarians each contributed ~14-16% to the density of sessile and semi-sessile, habitat
forming, hard-bottom organisms (77.6% of total organism densities). The most frequently
encountered non-sessile organisms encountered were an echiuran worm (possibly
Ochetostoma sp. (CG Messing, personal communication)) (2.2% and 6.8% of total
organism density at sites 6 and 7, respectively), and cidarid urchins (1.9%) and
holothuroids (2.4%) (both at site 7). Macrofauna observed on smaller or isolated lowrelief substrates included sponges, the octocorals P. nigra, Isidella sp. (Isididae), and
Callogorgia americana (Primnoidae) (Figure 14), anemones and hydroids (Messing et al.
2006b).

Figure 15. CPC analysis of percentage substrate cover, excluding shadow. The hard substrate category includes all
forms of exposed limestone--rubble, larger rocks, solid outcrops and pavements (from Messing et al. 2006b, fig. 14).
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Figure 16. Percent contributions of major taxonomic groups of sessile and semi-sessile, habitat forming, hard-bottom
organisms to total organism densities at quantitative still photographic sites. Other cnidarians include antipatharians,
unidentified octocorals, pennatulids, cerianthids, and hydroids (from Messing et al. 2006b, fig. 16).

2. Pourtalès Terrace
North Central 150-250
These transects are centrally located along the northern side of the MPA and
CHAPC borders at depths between 150 and 250 m and included Transects 3-5 and 7-17.
Only Transect 3 was used in this study due to its average depth of 289.25 m (Ash 2015)
and was therefore re-labelled as Transect 3 under Central 250-300. This transect is under
both MPA and CHAPC protections. Ash’s (2015) CPCe analysis of percent cover of the
five most important substrate and benthos categories (out of 16) at North Central 150-250
were Hard Bottom (47.23%), Sediment-veneered Hard Bottom (SVHB) (35.20%), Soft
Bottom (5.71%), Coral (5.63%), and Porifera (3.15%) (Figure 17). Figure 18 indicates
the five taxa with the greatest densities: Stylaster miniatus (31.29m-2) (Figure 19A) and S.
filogranus (11.68 m-2) (both Stylasteridae), Plumarella unidentified sp. (Octocorallia)
(25.25 m-2) (Figure 19B), and the demosponges Chondrosia sp. (11.97 m-2) (Figure 19C),
and Petrosiidae unid sp. (4.81 m-2) (Ash 2015).
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Figure 17. North Central 150-250. CPCe analysis results showing percent cover of the five most important 16 major
substrate benthos categories. Sediment Ven HB = Sediment-veneered hardbottom (from Ash (2015), fig. 18).

Figure 18. North Central 150-250. Five benthic taxa with highest densities (m-2) (from Ash (2015), fig. 23).
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Figure 19. North Central 150-250 taxa. A. Stylaster miniatus. B. Plumarella sp. 1. C. Chondrosia sp. (from Ash 2015).

Central 250-300
These transects (6 and 18-24) were located centrally within the MPA and CHAPC
borders with a depth range of 250-300 m. Transect 6 fell within both the MPA and
CHAPC, and transects 18-24 within the CHAPC alone. Ash’s (2015) CPCe analysis
returned SVHB as the dominant cover (62.51%), followed by Hard Bottom (29.61%),
Soft Bottom (5.60%), Non-Scleractinia Cnidaria (0.94%), and Porifera (0.62%) (Figure
20). Taxa with the greatest densities were Hydroida unid sp. (Hydrozoa) (5.51 m-2)
(Figure 22A), the octocorals Isididae unid. sp. 2 (2.12 m-2) (Figure 22A), and
Octocorallia unid. sp. 3 (1.4 m-2), Stylaster miniatus (1.74 m-2), Astrophorina unid. sp. 4
(Demospongiae) (0.84 m-2) (Figure 22B), and Hexactinellida unid. sp. 1 (0.84 m-2)
(Figure 22C) (Ash 2015) (Figure 21).
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Figure 20. Central 250-300. CPCe analysis results showing percent cover of the five most important 16 major substrate
and benthos categories (from Ash (2015), fig. 19).

Figure 21. Central 250-300. Six benthic taxa with highest densities (m-2) (from Ash (2015), fig. 24).
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Figure 22. Central 250-300 taxa. A. Unid. hydroid sp. B. Astrophorina (Demospongiae). C. Octocorallia unid. sp. 3 (Ash
2015).

South 450-500
Transects 25-29 lie in 450-500 m within the CHAPC. Ash’s (2015) CPCe analysis
found that Hard Bottom dominated (93.27%), followed by Non-Scleractinia Cnidaria
(2.85%), Porifera (1.72%), Coral (1.56%), and Echinodermata (0.58%) (Figure 23). The
taxa recording the highest densities were the octocorals Paramuricea unid sp. 3 (7.06 m2

) (Figure 25A), Octocorallia unid sp. 7 (4.95 m-2), and Plumarella unid. sp. 2 (1.54 m-2);

Comatonia cristata (Crinoidea) (1.64 m-2) (Figure 25B), and Astrophorina unid. sp. 4
(1.5 m-2) (Demospongiae) (Figure 22B).
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Figure 23. South 450-500. CPCe analysis results showing percent cover of the five most important out of 16 major
substrate and benthos categories (from Ash (2015), fig. 20).

Figure 24. South 450-500. Five benthic taxa with highest densities (m-2) (from Ash (2015), fig. 25).
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Figure 25. South 450-500 taxa. A. Paramuricea sp. 3. B. Comatonia cristata (Ash 2015).

South 500-550
Ash (2015) recorded transects 30-32 as South 500-550. For this study, they have
been grouped in depth bin 450-550 (Appendix 2). These transects lie within the CHAPC
at a depth of 500-550 m. The CPCe analysis found coral (76.19%) as the dominant
substrate cover, followed by Hard Bottom (22.46%), Cnidaria Non-Scleractinia (0.52%),
Porifera (0.49%) and Chordata (0.27%) (Figure 26). Lophelia pertusa (Scleractinia) (3.9
m-2) (Figure 28A) was responsible for the greatest organism density, followed by the
octocorals Plumarella unid sp. 2 (0.84 m-2), Paramuricea unid sp. 3 (0.64 m-2) (Figure
25A), and Isididae unid. sp. 2 (0.37 m-2); Ophiuroidea (0.37 m-2) (Figure 28B) were also
observed (Ash 2015).
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Figure 26. South 500-550. CPCe analysis results showing percent cover of the five most important 16 major substrate
and benthos categories (from Ash (2015), fig. 21).

Figure 27. South 500-550. Five benthic taxa with the highest densities (m-2) (from Ash (2015), fig. 26).
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Figure 28. South 500-550 taxa. A. L. pertusa. B. Ophiuroidea (Ash 2015).

B. Habitat Categories
Ash (2015) recognized a limited number of seafloor substrate categories in CPCe
analyses: Hard Bottom, Sediment-Veneered Hard Bottom, and Sediment (Soft Bottom).
Messing et al. (2006b) divided hard-bottom substrates into several categories for the
Miami Terrace surveys based on both relief and relative cover, and recognized three
coral-related substrates: Rubble, Dead standing coral, and (living) Coral. They also
recognized Tilefish burrows and Pennatulids (sea pens) as additional habitat categories
not considered here.
Sediment or Soft Bottom Substrate (Figure 29): Flat, smooth, or weakly bioturbated
muddy sand to coarser sands. Low mounds, depressions and areas dominated by small
tubes or tufts alternating with rippled sediments. Many areas consisted of low platforms
of sediment, 10-30 cm above flat bioturbated areas. Below the Terrace escarpment,
smooth sediments had bioturbation features including galatheid squat lobster craters,
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excavated gravels, and short tunnels dug by the blind lobster Acanthacaris caeca
(Messing et al. 2006b).

Figure 29. Sediment substrates. A. Smooth weakly bioturbated, textured (with small tubes); B. Border between
lineated (above) and obsolete rippled sediment (below); C. Smooth weakly bioturbated, with unidentified tufts (from
Messing et al (2006b), fig. 10).

Hard Rock Substrate or Pavement: Larger rocks (>5 cm) and continuous hard non-coral
substrates. The majority of transects used from Ash (2015) were dominated by hard rock
substrates.
Sediment-Veneered Hard Bottom: A thin layering (veneer) of sediment, most likely sand
or mud, over hard bottom.
Low Cover Hard Bottom (Figure 30 A, B): Clusters of scattered gravel and rubble <10
cm across, as well as small rocks or partly buried outcrops separated by expanses of
sediment accompanied by low-relief rocks <0.8 m across, and rare veneered slabs or
pavements <1 m across. This substrate typically supported low faunal richness (Messing
et al. 2006b).
High-cover hard bottom (Figure 30 C, D): Low- to moderate-relief hardbottom
characterized by phosphoritic limestone outcrops, slabs and pavements. Pavements reach
several meters across with varying amounts of rubble and rocks on top. Patches were
often separated by areas of sediment and intermixed with areas of scattered rubble, small
rocks, and outcrops of either low- or high-cover (Messing et al. 2006b).
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Figure 30. A-B Low-cover hardbottom. A. Scattered black and white rubble. B. Partly buried low-relief outcrop. C-D.
High-cover hardbottom. C. Crowded rubble. D. Low-relief eroded outcrop (Messing et al. 2006b).

Low-relief hard bottom (Figure 30 D, 31 A): Small (<1 m2) patches of exposed hard
bottom on unconsolidated sediment substrates (Messing et al. 2006b).
Moderate-relief hard bottom (Figure 31 C): A subset of high-cover hard bottom found
mainly on the Miami Terrace escarpment; characterized by irregular eroded outcrops,
boulders, slabs and pavements with a vertical relief of 0.5-2 m (Messing et al. 2006b).
High-relief hard bottom (Figure 31 B): A subset of high-cover hard bottom restricted to
the Miami Terrace escarpment consisting of large ledges, steep slopes and escarpments,
with 1-20 m relief. It includes sharp escarpments and vertical edges of pavements and
slabs, and irregular cemented karstic slopes with sediment, rocks and boulders at the
bases (Messing et al. 2006b).
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Figure 31. A. Low relief jointed pavement on escarpment between high-relief ledges. B. Side of high-relief ledge with
projecting lace corals (Stylasteridae). C. Moderate-relief outcrops and boulders. D. Steep sediment and boulder-strewn
slope just below Figure 12B (from Messing et al. 2006b, Figure 12).

Coral rubble (Figure 32 A-C): Small skeletal debris (i.e., branches, twigs) of colonial
scleractinian coral ranging from dense carpets possibly partly cemented, through thin
veneers, to scattered exposed or partly buried fragments (Messing et al. 2006b, Shirur
2008).
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Figure 32. Coral sediment substrates. A. Close-up of coral rubble. B. Sparse coral rubble, probably L. pertusa. C. Dense
coral rubble, probably L. pertusa. D. Standing dead thick of E. profunda. (from Messing et al. 2006 b, Figure 13).

Dead standing coral (Figure 32 D): Partly intact skeletal remains of standing and
toppled dead scleractinian colonies in life position. Such colonies were distinguished
from live colonies by their discoloration and overgrowth (Messing et al. 2006b, Shirur
2008).
Live coral (Figure 33): Live branches identified by their bright white coloration and lack
of epibionts (Messing et al. 2006b, Shirur 2008).
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Figure 33. Small living colony of Madrepora oculata (from Messing et al. 2006b, Figure 8).

C. Quantitative Analysis
1. SIMPER Organism Density Analysis by Depth and Location
Organism densities were analyzed using Species Accumulation and Species
Analysis (SIMPER) to determine which species contributed most to the Bray-Curtis
dissimilarity based on location and depth as factors. Groups with higher values have
more similar communities (Table 1).
Table 1. SIMPER results, average similarity for 2 depth classes.

Bin
450-550
250-300

Average Similarity
16.4%
22.83%

Depth Bin 450-550
This Depth Bin had an average similarity of 16.4% (Table 1) with the most
abundant three taxa each contributing less than 1% average abundance: unidentified
Demospongiae (52.31%), Phakellia sp. (16.23%), and Enallopsammia/Lophelia
(12.02%). They contributed 80.55% (Table 2) of the deep depth bin’s 16.4% (Table 1)
similarity.
Table 2. Group 450-550 SIMPER results, three contributing benthic taxa.

Species

Av. Abund

Av. Sim

Sim/DS

Contrib.% Cum.%

Unidentified Demospongiae
Phakellia
Enallopsammia/Lophelia

0.16
0.05
0.036

8.44
2.62
1.94

0.53
0.2
0.29

52.31
16.23
12.01

52.31
68.53
80.55
53

Depth Bin 250-300
Depth bin 250-300 had an average similarity of 22.83% (Table 1) with four taxa
contributing at least 1.5% each and together 73.45% to community differences (table 3).
The most abundant taxa were unidentified sagartiid (pink lips) anemones (29.29%),
Stylasteridae (24.90%), other fishes (12.09%), and unidentified Demospongiae (7.19%).
Table 3. Group 250-300 SIMPER results, three contributing benthic taxa.

Species
Sagartiid (pink lips)
Stylasteridae
Other fishes
Unidentified Demospongiae

Av. Abund
0.68
0.53
0.17
0.19

Av. Sim
6.69
5.68
2.76
1.64

Sim/SD
0.52
0.61
0.75
0.44

Contrib.%
29.29
24.9
12.09
7.19

Cum.%
29.29
54.19
66.28
73.47

Average Dissimilarity between Depth Bins 450-550 and 250-300
Bins 450-550 and 250-300 showed an average dissimilarity of 91.73% with 11
taxa contributing 1.04% to Bin 450-550 and 2.2% to Group 250-300 (Table 4). Average
abundances contributed a total of 71.27% to dissimilarity (Table 4).
Table 4. Group 500 and 250-300 SIMPER results, 11 contributing benthic taxa.

Sagartiid (pink lips)
Stylasteridae
Unidentified
Demospongiae
Enallopsammia/Lophelia
Isididae
Unidentified
Hexactinellida
Other fishes
Desmacellidae
Plumarella sp.
Phakellia
Cidaridae

Bin 450-550
Av. Abund
0
0.02
0.16

Bin 250-300
Av. Abund
0.68
0.53
0.19

Av.Diss
14.5
11.48
6.59

Diss/SD
0.8
0.81
0.7

Contrib.%
15.8
12.52
7.18

Cum.%
15.8
28.32
35.5

0.36
0.1
0.04

0
0.19
0.19

6.03
5.68
4.56

0.6
0.46
0.61

6.57
6.19
4.97

42.08
48.27
53.24

0.05
0.01
0.2
0.05
0.05

0.17
0.09
0.02
0.07
0.07

4.15
3.74
3.43
2.8
2.44

0.95
0.43
0.98
0.46
0.56

4.52
4.07
3.74
3.05
2.66

57.76
61.84
65.57
68.63
71.29
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SIMPER density analysis and organism densities were consistent among depth
classes and helped to determine which taxa were driving differences in depth and
location. When comparing all depth bins, dominant organisms varied. Depth bin 250300 had 22.84% similarities, while depth bin 500 had an average of 16.4% similarities.
When lumping both depth bins together, SIMPER found an 8.27 % similarity (Table 4).
These low similarities suggest other factors are likely affecting the assemblages in the
analysis (e.g., site/transect, bin, location, bottom composition, protection status)
The dominant organisms overall were sagartiid anemones (15.80%), Stylasteridae
(12.52%), and unidentified Demospongiae (7.18%). Although these three were the
included in the most abundant organisms in each bin, the single most dominant organisms
varied between the two depth classes. Depth bin 450-550 was dominated by unidentified
Demospongiae (52.31%) and Phakellia sp. (16.23%). Sagartiid anemones (29.29%)
dominated depth bin 250-300, followed closely by Stylasteridae (24.90%). From this
analysis, each site held dramatically different species and only a few species accounted
for the majority of those similarities. Species were consistent among individual depth
bins but varied when comparing all depth bins together.
2. Non-Metric Multi-Dimensional Scaling (nMDS & Bray Curtis Similarity Plot)
and CLUSTER analysis (with SIMPROF)
Multivariate analysis of species density by bottom coverage and location revealed
that depth and bottom coverage may be the most important drivers of differences among
the benthic communities. The nMDS plot (Figures 34-36) of species densities separated
out the Miami Terrace’s 250-300 depth range from the rest of the sites with 25%
similarity to each other. It also separated out Ash’s (2015) South 500-550 and West 150300 sites with 25% similarities. North Central 150-250 clustered with West 150-300 with
25% similarities. The main clustering of sites was South 450-500 with Central 250-300
sites (25% similarity) (Figure 37). Distinct clustering of protection status was also
apparent, but could be confounded by the sampling design (Ash 2015) or bottom type
(see below).
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Organism Density by Location
Non-metric MDS
Transform: Square root
Resemblance: D1 Euclidean distance
2D Stress: 0.08

No Protection

25

LocModDepthRange

No Protection
No Protection
No Protection

South 450-500
South 500-550
North Central 150-250
Central 250-300
West 150-300
Miami Terrace 500
Miami Terrace 250-300

No Protection No Protection
No Protection
No Protection
MPA/CHAPC

CHAPC
CHAPC
CHAPC
CHAPC
CHAPC
CHAPC
No
Protection
MPA/CHAPC

Similarity

No Protection

CHAPC
CHAPC

CHAPC

CHAPC
CHAPC

No Protection

Figure 34. The distribution of sampled sites reflecting the similarities of their benthic faunas, color-coded and labelled
by site and protection status. The low 2-dimensional stress (0.08) suggests that placement within the plot is not
arbitrary. However, the plot illustrates the divergence of some of the anomalous non-protected sites (e.g. Miami
Terrace Sites 6 & 7)

When changing the variables on the nMDS plot, sites with sediment, coral and
hardbottom separated into three distinct groups. Most distinctively, two of the CalypsoPipeline sites, each with substantial sediment cover, clustered away from the Pourtalès
Terrace sites. However, no Pourtalès Terrace site was dominated by sediment, which may
have prevented these two sites from clustering any closer to Pourtalès Terrace sites. Sites
of dominated by coral (mainly Lophelia) on the Pourtalès Terrace clustered away with
only 25% similarities on the nMDS plots. The Pourtalès Terrace Hard Bottom sites were
more scattered but still formed a 25% similarity cluster.
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Figure 35. The distribution of sampled sites reflecting the similarities of their benthic faunas, color-coded by site and
bottom cover. The plot illustrates the divergence of some of the anomalous bottom coverage (e.g. Miami Terrace
Sites 6 & 7 = sediment, Pourtalès Terrace South 450-550 = Coral). HB = Hard Bottom, SVHB = Sediment-Veneered Hard
Bottom.

Figure 36. Enlarged area of Figure 34 the distribution of sampled sites reflecting the similarities of their benthic
faunas. Color coded by location and labelled by their bottom coverage. The clustering of these groups indicates a low
divergence of these groupings.
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3. Cluster Analysis with SIMPROF
Cluster analysis with SIMPROF (Figure 37) returned both understandable and
equivocal results with respect to the distribution of sites on the dendrogram. Although the
Pourtalès Terrace coral-dominated sites and the Miami Terrace sediment-dominated sites
each clustered together, it is unclear why two of the Pourtalès Terrace sites characterized
by sediment-veneered hard bottom in the 250-300 depth clustered away from the others
and with hard bottom sites in the 450-550 depth bin. The results reflect no effect of
protection status, because the CHAPCs were established in 2010, four years after the
Miami Terrace pipeline survey (now within the Miami-Stetson HAPC) and only a year
before the Pourtalès Terrace surveys. Sites were selected for surveys because of their
high species densities and biodiversity—on the Pourtalès Terrace because they lay within
the HAPC, and on the Miami Terrace because the initial pipeline video survey identified
them as having “high biological interest (based on organism abundance and diversity, and
extent of exposed hard substrate)” (Messing et al. 2006b). Similarly, Reed et al. (2014)
found that protection status did not affect fish community diversity, again, likely because
data was collected only shortly after protection status was established.
D. Qualitative Analysis
The shade plot (Figure 38) illustrates species assemblage abundances and their
range extensions. Data were fourth-root transformed to change the shape of the
distribution and make the data more equal despite the large variations in organism
densities.
Sites that were not protected when they were surveyed (Sites 4, 6, and 7 on the
Miami Terrace) appear to exhibit greater overall organism density. However, other sites
such as North Central 150-250, Central 250-300, and West 150-300 showed relatively
higher densities along the Pourtalès Terrace. With respect to depth ranges, Miami
Terrace 450-550 (Site 4) and Pourtalès Terrace (South 450-500) were each lower in
abundances compared to the shallower depth bins.
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Figure 37. Cluster analysis with SIMPROF dendrogram of average organism density count by substrate (top) and
protection status (bottom) with sites from Ash (2015) and Messing et al. (2006b) on the X-axis and similarity on the Yaxis. Transects 23-29 from the Pourtalès Terrace’s Central 250-300 and South 450-500 separated first from the others
at 7.4% similarity (dashed line in bottom dendrogram). The next two clusters (of 3 statistically significant groups) that
separated from the sites at 10% and 14.7% similarities are not marked. The three Miami Terrace sites are treated as
“no protection”, because the Miami-Stetson CHAPC was not established when those sites were surveyed.

Individual taxonomic groupings from the shade plot, and patterns among the
terraces and depth bins arise when looking at individual taxonomic groupings.
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Specifically, members of phylum Porifera occurred throughout most of the depth bins on
both terraces but appear to be more common among the Miami Terrace sites.
Unidentified Demospongiae, Phakellia sp., Desmacellidae and Pachastrellidae were the
most prevalent on each terrace in the shallower depth bins. Moving deeper, two
hexactinellids, Aphrocallistes sp., and Farrea sp., became the dominant sponge genera.
It should be noted that two transects in depth bins North Central 150-300, and 2 transects
of West 150-300 had no observed Porifera.
The Miami Terrace appeared to support abundant numbers of several genera of
Cnidaria, while they were relatively sparse on the Pourtalès Terrace, with the exception
of Stylasteridae, which were the most abundant and heavily shaded cnidarians on both
terraces.
Site 4 and Transects 25-29, in the deeper depth bin, lacked any observed
echinoderms. Transects 30-32 saw a slight increase in euryalid snake stars (probably
Ophiocreas sp.), pencil urchins (Cidaridae), and Crinoidea. Echinoderms contributed
their greatest densities at sites 6 and 7 and were sparse in the remaining transects 1-3, 6,
18-24, and 33-38.
The echiuran spoon worm (probably Ochetostoma sp.), annelids, and mollusks
(including the top snail Calliostoma sp.) were observed only at the shallower depths
(250-300 m) of the Miami Terrace (Sites 6 &7). These two sites were dominated by
sediment substrates, while other sites and transects were deeper and more likely to have
hard-bottom substrates. Bryozoans were only observed at the 500-m depth on the Miami
Terrace (Site 4). Few fish were observed on site 4 as well but were scattered among the
other sites.
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0

Site 4
Transect 25
Transect 26
Transect 27
Transect 28
Transect 29
Transect 30
Transect 31
Transect 32
Site 6
Site 7
Transect 1
Transect 2
Transect 3
Transect 6
Transect 18
Transect 19
Transect 20
Transect 21
Transect 23
Transect 24
Transect 33
Transect 34
Transect 35
Transect 36
Transect 37
Transect 38

2

Unidentified Demospongiae
Desmacellidae
Pachastrellidae
Geodiidae
Phakellia sp.
Astrophorida
Unidentified Hexactinellida
Aphrocallistes sp.
Farrea
Anemone 1 Pink lips/Sag
Anemone 2 Actinauge?
Anemone 3 maroon rim
Liponema / Anemone 5 Koosh ball
Hormathiidae
Corallimorpharia
Unidentified Anemone
Primnoidae
Isididae
Capnella nigra
Anthomastus sp.
Pennatulacea
Unidentified Octocoral
Zoanthidea
Scleractinia
Antipatharia
Ceriantharia
Stylasteridae
Hydroids
Enallopsammia/Lophelia 500-500
Madrepora oculata 70-100
Eunicella
Plumularia
Actinoscyphia aurlia
UNID Coral
Unidentified Asteroidea
Goniasteridae
Euryalid snake star
Cidaridae
Echinothuridae
Unidentified Echinoidea
Holothuroidea
Crinoidea
Echiura
Rochinia crassa
Bathynectes longispina
Paguroidea
Chaceon fenneri
Unidentified Crustacea
Annelida
Gastropoda
Bivalvia
Polyplacophora
Bryozoa
Lamonema melanurum
Scorpaenidae
Rajiformes
Other fishes
UNKNOWN

LocModDepthRange
Miami Terrace 500
South 450-500
Miami Terrace 250-300
central 250-300\
Central 250-300
West 150-300

Phylum
Porifera
Cnidaria
Echinodermata
Annelida
Arthropoda
Mollusca
Bryozoa
Chordata

Figure 38.This Shade plot displays abundances of all influential taxon at each sample site. It shows that sites 6 & 7
(Miami Terrace)” have high similarity in most taxa. Transects 33-38 (West 150-300), also have similarities in sagartiid
anemones, Sylasteridae and other fishes.

7. Discussion
The findings of this study are consistent with previous research that suggests
depth is a driving factor influencing the benthic communities within a terrace. However,
this research also suggests that, when comparing the Miami and Pourtalès Terraces, depth
becomes less of a driving factor. The benthic communities that occupy these areas are
very different because of their geomorphology, depth and bottom composition.
nMDS plots indicated that bottom composition affected species distributions.
Although the only two sites dominated by sediment were on the Miami Terrace, the third
Miami Terrace site, which was dominated by hard bottom, showed a distinct similarity to
Pourtalès Terrace hardbottom sites, regardless of depth. The deep-water sites of the
Pourtalès Terrace with coral coverage also differed significantly from the deeper Miami
Terrace site, perhaps due to differences in near-bottom flow between the terraces. This
might also explain the far greater abundance and apparent diversity of stylasterids on the
Pourtalès Terrace relative to the Miami Terrace.
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Depth, bottom coverage, location, currents, and many other factors not considered
in this study contribute to a species’ environmental preferences. It is unlikely that any
single factor is the driving influence on a community (Harris 2012).
Only a small percentage of deep-sea habitats and resources have been
investigated. However, because anthropogenic activities represent growing threats to the
deep sea (e.g., mining, oil exploration, energy installations such as the Calypso DWP and
Pipeline, cable laying, disposal, anchoring, over-fishing, and destructive fishing methods)
(Koslow et al. 2000, Fossa et al. 2002, Ross 2004, Reed et al. 2006, Roberts et al. 2006),
an ever-growing need exists to investigate these habitats. Henry and Roberts (2007) and
Mortensen et al. (2008) suggested that deep-reef habitats may support species richness
and diversity three times greater than shallow-water reefs, and that associated megafauna
could be 1.6 times more abundant where corals are present. Deep-sea coral communities
are slow growing, and their recovery rates may be even slower. Lophelia pertusa, for
example, grows 4-25 mm y-1 (Mikkelsen et al. 1992, Freiwald 2002, Freiwald et al. 2002,
Gass and Roberts 2005). DSCEs are fragile ecosystems and vulnerable due to overexploitation. Those in the northeastern Atlantic have been severely impacted by deep-sea
fishing and oil exploration. Activities associated with the latter, such as drill cutting and
chemical additives, are directly deposited on the seafloor and may destroy DSCEs
(Rogers 1999). Fossa et al. (2002) and Grehan et al. (2004) reported how trawlers used
‘rock-hopper’ trawls, ‘tangle’ nets, trawl doors, chains, wires and other gear to crush the
reef before dropping fishing nets to prevent entanglement. Fossa et al. (2002) estimated
30-50% of the northeastern Atlantic deep-water reefs have been damaged due to these
anthropogenic activities.
Unfortunately, evidence exists for deep-sea trawling damage on Lophelia and
Enallopsammia reefs in the western Atlantic off the U.S. coast. As shallow-water fish
stocks are depleted, fisheries may move to deeper waters (Reed et al. 2006). Many
commercially important species such as the blackbelly rose fish (Helicolenus
dactylopterus), wreckfish (Polyprion americanus), golden crab (Chaceon fenneri), and
royal red shrimp (Pleoticus robustus) may be associated with or live adjacent to these
DSCEs, creating a potential threat (Reed et al. 2005, Ross and Nizinski 2007b).
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Concerns about resource sustainability by NOAA and the South Atlantic Fishery
Management Council (SAFMC) generated development of a more robust database on the
Terrace habitats and resources. Because of the deep-water corals on both terraces, NOAA
and SAFMC included them in their Coral Habitat Areas of Particular Concern (CHAPCs)
in 2010, which prohibit the use of fishing gear that could potentially damage DSCEs.
NOAA also designated the East Hump Marine Protected Area on the Pourtalès Terrace as
a Type II MPA, meaning it is permanently closed to bottom fishing and possession of
snapper and grouper species (Ash 2015).
Although these protections are in place, enforcement of protection in these
offshore locations is difficult (Reed 2002a). Providing enough data on deep-reef
ecosystem functionality with respect to commercial fish populations is also limited.
Therefore, policy makers are less inclined to support such protections. However, more
detailed surveys are being carried out, and the use of manned submersibles and ROVs has
significantly increased the rate of discovering these deep-water reefs (Neumann et al.
1977, Reed 2002a b, 2006, Reed et al. 2005a b, 2012).

8. Conclusions
The two terraces examined here, despite their underlying similar geology, differ
in geomorphology and topographic features, appear to be subject to different
hydrodynamic environments, and thus support substantially different communities. This
comparison helps clarify how different these benthic communities are despite their
regional proximity and should contribute to baseline information in support of
management of these deep-water habitats.
Factors causing faunal changes with depth are still poorly understood and are
challenging to study, as they cannot be generalized on a global scale. Predators tend to
have narrower ranges than deposit feeders; mega-epifauna tend to have wider depth
ranges than macroinfauna. All groups have a few species with wide depth distributions
(Carney et al., 2005). Data from Messing et al. (2006b) and Ash (2015) suggest that
benthic community composition in these two study sites appears to be determined more
by depth than geomorphology. However, the results of this study suggest
geomorphology has more of a role in community assemblage than previously thought.
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The strong relationship between depth, location and geomorphology may be useful in
designing future benthic mapping projects. In addition, the relationships between species
densities and protection statuses can aid future community assessments between
protected and non-protected habitats to measure the effectiveness and management
strategies of deep-water marine protected areas. The results from this finding can be used
to support the management of the Miami Terrace, Pourtalès Terrace and other sites to
conserve these deep-water coral environments.
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10. Appendices
Appendix 1. Messing et al. (2006b) and Ash (2015) species densities from selected sites.
Species
Unidentified Demospongiae
Desmacellidae
Pachastrellidae
Geodiidae
Phakellia sp.
Astrophorida
Unidentified Hexactinellida
Aphrocallistes sp.
Farrea
Anemone 1 Pink lips/Sag
Anemone 2 Actinauge?
Anemone 3 maroon rim
Liponema / Anemone 5 Koosh ball
Hormathiidae
Corallimorpharia
Unidentified Anemone
Primnoidae
Isididae
Capnella nigra
Anthomastus sp.
Pennatulacea
Unidentified Octocoral
Zoanthidea
Scleractinia
Antipatharia
Ceriantharia
Stylasteridae
Hydroids
Enallopsammia/Lophelia
Madrepora oculata
Eunicella
Plumularia
Actinoscyphia aurlia
UNID Coral
Unidentified Asteroidea
Goniasteridae
Euryalid snake star
Cidaridae
Echinothuridae
Unidentified Echinoidea
Holothuroidea
Crinoidea
Echiura
Rochinia crassa
Bathynectes longispina
Paguroidea
Chaceon fenneri
Unidentified Crustacea
Annelida
Gastropoda
Bivalvia
Polyplacophora
Bryozoa
Lamonema melanurum
Scorpaenidae
Rajiformes

Site 4
0.01
0.01

Other fishes
UNKNOWN

0.03
0.01

Transect 25
0.34

Transect 26
0.01

Transect 27
0.01

Transect 28
0.07

Transect 29

Transect 30

0.03
0.01

0.03

0.03

0.07

0.01
0.02
0.01
0.08
0.10
0.03
0.03
0.04
0.01

1
0.03
0.37

0.17

0.03
0.03

0.04
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Appendix 1 continued. Messing et al. (2006b) and Ash (2015) species densities from selected sites.
Species

Transect 31

Transect 32

Site 6

Site 7

0.07

0.17

0.82

0.23

Desmacellidae

0.01

0.02

0.13

Pachastrellidae

0.03

0.08

Geodiidae

0.01

0.04

Phakellia sp.

0.36

0.17

Unidentified Demospongiae

Astrophorida
Unidentified Hexactinellida

Transect 1

Transect 2

Transect 3

0.03

0.01
0.03

Aphrocallistes sp.

0.03

0.22

0.27

0.08

0.25

0.6

Farrea
Anemone 1 Pink lips/Sag

0.40

Anemone 2 Actinauge?

0.30

0.03

0.06

2.13

1.5

0.03

0.03

0.03

0.01

Anemone 3 maroon rim

1.14

0.34

0.31

0.08

Hormathiidae

0.07

0.09

Corallimorpharia

0.18

0.31

Unidentified Anemone

0.16

0.52

Liponema / Anemone 5 Koosh ball

0.07

Primnoidae

0.01

Isididae

0.37

0.08

0.25

1.93

0.47

Pennatulacea

0.02

0.01

Unidentified Octocoral

0.07

0.24

Zoanthidea

1.50

1.31

Capnella nigra
Anthomastus sp.

Scleractinia

0.01

Antipatharia

0.07

0.10

Ceriantharia

0.02

Stylasteridae

0.03

Hydroids
Enallopsammia/Lophelia

2.36

Madrepora oculata

0.43

0.62

0.15

0.84

0.54
0.07

Eunicella
Plumularia

0.03
0.33

0.34

Actinoscyphia aurlia

0.07

UNID Coral
Unidentified Asteroidea

0.04

Goniasteridae

0.01

Euryalid snake star

0.17

Cidaridae

0.17

0.03

0.09

0.03
0.01
0.16

Echinothuridae

0.04

Unidentified Echinoidea

0.07

0.04

Holothuroidea

0.02

0.20

Crinoidea

0.01

Echiura
Rochinia crassa

0.17
0.03

0.56

0.03

0.03

Bathynectes longispina

0.01

Paguroidea
Chaceon fenneri

0.03

0.03

0.16

0.07

Unidentified Crustacea

0.01

Annelida

0.01

0.05

Gastropoda

0.01

0.01

Bivalvia

0.01

Polyplacophora

0.03

0.01

Lamonema melanurum

0.07

0.04

Scorpaenidae

0.01

Bryozoa

Rajiformes
Other fishes
UNKNOWN

0.01
0.1

0.01

0.01

0.04

0.01

0.07

0.03
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Appendix 1. Messing et al. (2006b) and Ash (2015) species densities from selected sites.
Species

Transect 6

Transect 18

Transect 19

Transect 20

Unidentified Demospongiae

0.23

0.07

0.03

0.03

Desmacellidae

0.16

Transect 21

Transect 23

Transect 24
0.07

0.03

0.03

Pachastrellidae
Geodiidae

0.04

Phakellia sp.

0.03

Astrophorida
Unidentified Hexactinellida

0.25

0.4

0.07

Aphrocallistes sp.

0.03

Farrea
Anemone 1 Pink lips/Sag

0.03
1.34

Anemone 2 Actinauge?
Anemone 3 maroon rim
Liponema / Anemone 5 Koosh ball

0.1

Hormathiidae
Corallimorpharia
Unidentified Anemone
Primnoidae
Isididae

0.4

1.63

0.07

Capnella nigra
Anthomastus sp.
Pennatulacea
Unidentified Octocoral
Zoanthidea
Scleractinia
Antipatharia
Ceriantharia
Stylasteridae

0.13

Hydroids

0.7

0.03

0.03

Enallopsammia/Lophelia
Madrepora oculata
Eunicella
Plumularia
Actinoscyphia aurlia
UNID Coral

0.03

Unidentified Asteroidea
Goniasteridae

0.07

Euryalid snake star

0.03

Cidaridae

0.1

0.03

Echinothuridae
Unidentified Echinoidea
Holothuroidea
Crinoidea
Echiura
Rochinia crassa
Bathynectes longispina
Paguroidea

0.03

Chaceon fenneri
Unidentified Crustacea
Annelida
Gastropoda
Bivalvia
Polyplacophora
Bryozoa
Lamonema melanurum
Scorpaenidae
Rajiformes
Other fishes

0.03

0.03

0.03

UNKNOWN
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Appendix 1. Messing et al. (2006b) and Ash (2015) species densities from selected sites.
Species

Transect 33

Transect 34

Transect 35

Unidentified Demospongiae

Transect 36

Transect 37

Transect 38

0.03

Desmacellidae

0.03

0.03

3.48

4.08

Pachastrellidae
Geodiidae
Phakellia sp.
Astrophorida
Unidentified Hexactinellida

0.06

Aphrocallistes sp.
Farrea
Anemone 1 Pink lips/Sag

1.75

0.9

2.91

2.75

Anemone 2 Actinauge?
Anemone 3 maroon rim
Liponema / Anemone 5 Koosh ball
Hormathiidae
Corallimorpharia
Unidentified Anemone
Primnoidae
Isididae

0.07

0.07

Capnella nigra
Anthomastus sp.
Pennatulacea
Unidentified Octocoral
Zoanthidea
Scleractinia
Antipatharia

0.03

0.03

0.66

0.82

0.03

0.07

Ceriantharia
Stylasteridae

0.13

Hydroids

1.05

2.55

0.3

0.2

Enallopsammia/Lophelia
Madrepora oculata
Eunicella
Plumularia

0.13

Actinoscyphia aurlia
UNID Coral

0.03

0.03

Unidentified Asteroidea
Goniasteridae

0.03

0.03

Euryalid snake star

0.03

Cidaridae

0.07

Echinothuridae
Unidentified Echinoidea
Holothuroidea
Crinoidea
Echiura
Rochinia crassa

0.03

0.07

0.07

0.05

Bathynectes longispina
Paguroidea
Chaceon fenneri
Unidentified Crustacea
Annelida
Gastropoda
Bivalvia
Polyplacophora
Bryozoa
Lamonema melanurum
Scorpaenidae
Rajiformes
Other fishes

0.17

0.03

0.1

0.2

UNKNOWN
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Appendix 2. Locality and image data for quantitative still photo and transect sites. Site number, transect
number, dive date, Top Lat DD and LongDD was recorded on bottom, Bottom Lat DD and LongDD were
recorded off the bottom, image numbers, total time recorded in minutes, number of images analyzed, and
depth bin classifications
Site No. /
Transect No.
Mile
Post/Dive No
Site 4
13-15 W
Site 6
S-22/22E
Site 7
N-20/ 21W
Tran 1
13
Tran 2
13
Tran 3
16
Tran 6
17
Tran 18
23
Tran 19
23
Tran 20
23
Tran 21
23
Tran 22
23
Tran 23
23
Tran 24
23
Tran 25
24
Tran 26
24
Tran 27
24
Tran 28
24
Tran 29
24
Tran 30
25
Tran 31
25
Tran 32
25
Tran 33
26
Tran 34
26
Tran 35
26
Tran 36
26
Tran 37
26
Tran 38
26

Date

LatDD

LonDD

Position

Image #

Time
(min)

No.
Images

Original
Depth Bin
(m)

New
Depth
Bin (m)

12-May
2006
13-May
2006
14-May
2006
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011
23-30
Sept 2011

26.1914515
26.18985183
26.16484059
26.165899
26.16872083
26.16668633
24.198057
24.195988
24.198057
24.195988
24.295248
24.300718
24.304161
24.308627
24.249404
24.253221
24.249404
24.253221
24.249404
24.253221
24.249404
24.253221
24.249404
24.253221
24.249404
24.253221
24.249404
24.253221
24.154407
24.147589
24.154407
24.147589
24.154407
24.147589
24.154407
24.147589
24.154407
24.147589
24.154407
24.147589
24.154407
24.147589
24.154407
24.147589
24.208432
24.201985
24.208432
24.201985
24.208432
24.201985
24.208432
24.201985
24.208432
24.201985
24.208432
24.201985

-79.77748967
-79.80174333
-79.90844501
-79.8969715
-79.8828465
-79.89726233
-81.410539
-81.410817
-81.411095
-81.411373
-80.404337
-80.399631
-80.384527
-80.381918
-80.436936
-80.432504
-80.436936
-80.432504
-80.436936
-80.432504
-80.436936
-80.432504
-80.436936
-80.432504
-80.436936
-80.432504
-80.436936
-80.432504
-80.542753
-80.54695
-80.542753
-80.54695
-80.542753
-80.54695
-80.542753
-80.54695
-80.542753
-80.54695
-80.542753
-80.54695
-80.542753
-80.54695
-80.542753
-80.54695
-81.516737
-81.517227
-81.516737
-81.517227
-81.516737
-81.517227
-81.516737
-81.517227
-81.516737
-81.517227
-81.516737
-81.517227

Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End
Start
End

2809
2933
3986
4074
5590
5709
3225
3253
3254
3279
3951
3961
4050
4079
5139
5158
5160
5163
5167
5180
5181
5193
5198
5212
5219
5232
5233
5261
5272-5286 &
5315-5339
5341-5346 &
5391-5407
5408
5427
5293-5310 &
5348-5354
5360
5372
5433-5440
5537-5554
5562
5577
5579
5598
5670
5687
5688
5698
5699
5716
5717
5733
5741
5767
5770
5792

211

125

450-550

450-550

33

89

250-300

250-300

119

120

250-300

250-300

276

13

250-300

276

24

237

9

213

29

197

16

197

6

197

12

197

10

197

12

197

13

197

28

239

30

239

22

239

19

239

18

239

13

213

20

213

16

213

15

195

14

195

8

195

17

195

17

195

20

195

18

West
150-300
West
150-300
Central
250-300
Central
250-300
Central
250-300
Central
250-300
Central
250-300
Central
250-300
Central
250-300
Central
250-300
Central
250-300
South
450-500
South
450-500
South
450-500
South
450-500
South
450-500
South
450-500
South
450-500
South
450-500
West
150-300
West
150-300
West
150-300
West
150-300
West
150-300
West
150-300

250-300
250-300
250-300
250-300
250-300
250-300
250-300
250-300
250-300
250-300
450-550
450-550
450-550
450-550
450-550
450-550
450-550
450-550
250-300
250-300
250-300
250-300
250-300
250-300
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